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The rapid increase in radioisotope applications necessitates 
improved technology for separation and purification of the fission 
product elements. Electrodialysis techniques employing Permutit 
anion exchange membrane(3148) were used to separate technetium 
from zirconium. The method was based upon the stability of the 
pertechnetate ion in alkaline solutions and the precipitation of 
zirconium from alkaline solutions. 
The separation of radiotechnetium and radiozirconium was 
effected with a two cell electrodialysis unit employing an anion 
exchange membrane. The solution medium consisted of fluoride 
and nitrate ions which were made basic with sodium hydroxide. 
The minimum basicity for a good separation was O.lN NaOH. 
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I. INTRODUCTION 
The increased application of atomic energy to peaceful 
purposes has made the economical disposal of waste products from 
a nuclear reactor of tantamount importance. Currently, the major 
portion of the radioactive waste products are stored underground. 
A small portion of the waste is separated by costly fractional pre-
cipitation and liquid extraction processes for scientific purposes. 
If the waste products from a nuclear reactor could be separated 
by an economical process and utilized, they could become an 
asset instead of a liability to the economics of a nuclear power 
plant. 
Because of its economic feasibility and simplicity, this 
laboratory has been studying the application of electrodialysis 
to the separation of the fission waste products. The study has 
been confined to the long-lived fission products, which are 
produced in significant quantities from a nuclear reactor. The 
fission products studied are; zirconium, technetium, strontium, 
cesium, cerium, promethium, and lanthanum. These studies have 
resulted in the separation of the fission products into three 
groups. An anionic fraction containing zirconium and technetium, 
a cationic fraction containing strontium and cesium and a 
radiocolloidal fraction containing the rare earths, cerium, 
promethium and lanthanum. 
The cationic fraction containing strontium and cesium has 
1 
been separated using aminopolycarboxylic acids as complexing 
reagents. The strontium was complexed as an anion and the cesium 
remained as a cation. The radiocolloidal fraction hasn't been 
satisfactorily separated to date. 
The purpose of this investigation was to separate the 
anionic fraction containing zirconium and technetium. 
2 
II. LITERATURE REVIEW 
The topics discussed in this literature review are the 
following: (1) radioactive waste solutions, (2) electrodialysis, 
(3) ion exchange membranes, (4) solution chemistry of technetium, 
and (5) solution chemistry of zirconium. 
Radioactive Waste Solutions 
The fission products produced in a nuclear reactor range 
from mass numbers 72 to 161, zinc to terbium. After the spent 
fuel element has been allowed to cool for about 100 days, many 
of the fission products decay out of the element. The long-
lived fission products remaining in an appreciable quantity in 
the fuel element are listed in Table I. Of these krypton, xenon, 
and iodine are expelled with the stack gases when the fuel elements 
are dissolved. 
The state of the radioactive waste solutions leaving the 
nuclear reactor fuel reprocessing cycle is dependent upon the 
type of process used to separate the unburned fissionable and 
fertile material from the fission products. The most widely used 
methods for the separation employ solvent extraction. 
There are a variety of solvent extraction processes employed. 
The more widely employed are the Purex, Redox, Hexone 25, TBP 25 
and Thorex processes. The characteristics of the radioactive 













SIGNIFICANT ELEMENTS PRESENT IN SPENT REACTOR FUEL 









































Half-life of Principle Isotopes 
36.4 days 
9.4 years 
3 x 106 years, 33 years 
54 days, 28 years 
stable, 12.8 days 
64 hours, 61 days 
stable, 40.2 hours 
33 days, 282 days 
17.5 minutes, 13.7 days 






stable, 33 days 
2.1 x 105 years 
1.7 x 10 7 years 




CHARACTERISTICS OF FISSION-PRODUCT 
WASTE SOLUTIONS 
Processes 
Substance Pur ex Redox Hexone 25 TBP 25 Thor ex 
(M/L)~~ (M/L) (M/L) (M/L) (M/L) 
+ H ............. 0.93 -0.3 -0.2 1.33 -0.05 
Al+3 ........... 1.08 1.6 1.63 0.62 
+ 
Na ............ 0.23 
+ 
N~ ........... 1.4 
Hg++ C) •••••••••• 0.1 0.01 0.01 
N03 •••••••• 0 ••• 0.93 3.05 6.0 6.20 1.80 
F ............. 0.039 
= 
cr2o7 .......... 0.06 
NH2so3 .•.•..•••• 0.04 
Fe,Ni,Cr,(g/1)·• 1 1 1 1 1 
Si02 (g/1) .... 1 1 
P04, so4 , (g/1) .• 1 
Specific gravity 1.03 L16 1.25 1.25 1.10 
0 
Boiling pt. c 101.00 108.00 105.00 105.00 101.00 
Freezing pt. oc -3 -18 -24 -24 -15 
Specific heat 0.97 0.78 0.7 0.7 0. 85 
* Moles per liter of solution 
Process Waste Disposal. For processes utilizing aqueous 
solutions, liquid wastes constitute the major aspect of the 
disposal problem. Because of the possible value of the individual 
fission products and also because their intense radioactivity 
constitutes a potential hazard, the reactor fuel wastes cannot be 
treated in the same manner as the waste products of other indus-
tries. 
From the standpoint of disposal, there are high level 
wastes and low level wastes. The disposal technique for these 
solutions are entirely different. 
High level radioactives wastes from fuel reprocessing plants 
are generally stored in underground tanks. This procedure has 
several disadvantages: (1) the demand for storage space is 
becoming a problem, (2) there is a risk of leakage, (3) the 
beta and gamma rays result in heating and therefore necessitate 
cooling. In order to overcome these disadvantages, other 
procedures are being investigated. One proposal is to concen-
trate or fix the wastes on solid materials and bury them in 
solid form (1). Another method is to dump them in the ocean (2). 
The low level wastes which occur in large volumes are produced 
in solvent extraction reprocessing plants. These solutions are 
normally disposed of into dry wells or in open pits in the ground 
(3). The liquids seep out slowly into the surrounding soil where 
the radioactive ions are absorbed and fixed by ion exchange (3). 
6 
Unless geologically located these wastes could enter a water 
table in general use. Even if geologically located, an earth-
quake could shift these wastes to a general use water table. 
In Great Britain, the low level waste5 are dumped in the 
ocean (4). 
As discussed above, the disposal methods given are only a 
temporary solution to the problem, especially for high level 
wastes. The logical thing to do is to utilize these wastes. 
There have been proposals to utilize these wastes by fixing 
them in solid form and using them as a heat source for 
thermoelectric generators (5). 
Of the fission products in waste solutions cs 137 and 
sr90 are largely responsible for the heat generation (6). 
Technetium has potential use as a corrosion inhibitor (7). 
There are most probably other uses for the remaining fission 
products. Therefore, separation of the fission products in high 
level wastes could reduce them to low level wastes and a profit 
might be realized or at least the expense of reducing the high 
level wastes to low level wastes could be obtained. It is the 
purpose of this investigation to accomplish this objective. 
Electrodialysis 
Electrodialysis is the use of an electromotive force to 
transport ionized materials through diaphragms separating two 
7 
or more solutions. The diaphragms are usually ion exchange 
membranes. Ion exchange membranes are thin sheets of cation 
or anion exchange resins bound to an inert plastic or cloth-
like matrix. An illustration of a two cell electrodialysis 
unit is shown on Figure 1. A brine solution flows through 
the anode compartment where the sodium ions permeate the cation 
exchange membranes and pass into the cathode compartment while 
the chloride ions lose electrons to the anode and form chlorine 
gas. The solution of sodium chloride is thereby depleted. Water 
flows through the cathode compartment where it is decomposed 
into hydrogen gas and hydroxyl ions. The hydroxyl ions are 
attracted by the anode but can't permeate the cation exchange 
membraneo Therefore, the solution leaving the cathode com-
partment contains sodium and hydroxyl ions or it is a solution 
of sodium hydroxide. 
Application of Electrodialysis. While capable of a variety 
of applications, electrodialysis has received the most attention 
in the desalination of brackish water containing from 1000 to 
5000 P.P.M. salts. It is difficult at present to assess the 
potential impact of this new processing tool in the chemical 
industry because few data have been published. 
A schematic diagram for desalting of sea water is shown in 
Figure 2. The apparatus consists of about 300 to 600 compartments 
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MULTIMEMBRANE CONCENTRATING AND 
DILUTING CELLS* 
Figure 2 
· * Mason and Juda, Ohem. Eng. Progress, Symp. Ser 24, 
55, 156 (1959) 
\ 
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The compartments are only about 0.04 inch thick to reduce 
electrical resistance. As shown, every other membrane is 
permeable to positively charged ions and the remainder to 
negatively charged ions. The feed water flows through all 
compartments in parallel. Under the action of the applied 
d.c. e.m.f., all sodium ions move toward the cathode and all 
chloride ions to the anode. In every other compartment, the 
salt is removed from the feed water and is trapped in the 
remaining compartments because of the impermeability of the 
adjacent membranes. Typical conditions for a brackish water 
of 2000 p.p.m. are a product containing 500 p.p.m. salt and 
a concentrate of 10,000 p.p.m. salt. The consumption of 
electrical energy is 5kw-hr/1000 gallon of feed solution for 
a current density of 15 amp/ft 2 (Ionics, Inc., March 1960). 
Electrodialysis has been employed for the deminer-
alization of crude amino acids (8). Electrodialysis has been 
used in preparation of fructose syrup (9). An aqueous solution 
of glycerol was treated in an electrodialyzer described by 
Gustav-Untermann (10) using a continuous process. Van Hoek 
(11) describes desalting of a concentrated whey containing 
35 per cent of total solids, 100 per cent protein, 17 per 
cent lactose and 8 per cent ash of which 1.5 per cent is 
chloride. Masuduni Ito and Mussumi Nishidoc (12) treated 
11 
radioactive wastes with an electrodialysis unit. Webb and Vie 
(13) described a method for separating cesium, cerium, zirconium 
and uranyl ions by a common solution electrodialysis. 
Ion Exchange Membranes 
Ion exchange membranes combine the ability to act as a 
separation wall between two solutions with the chemical and 
electrochemical properties of ion exchangers. 
Due to the Donnan potential, when an ion exchange 
membrane is in contact with an electrolyte solution of low 
or moderate concentration, the membrane contains a large number 
of counter ions but relatively few co-ions. Counter ions are 
admitted to the membrane and thus have little difficulty in 
passing through from one solution to the other. Co-ions, on 
the other hand, are rather efficiently excluded from the membrane 
and thus find it difficult to pass through. 
The ion exchange resins which comprise 60 to 70 per cent 
of the membrane are solid hydrated strong electrolytes and 
might be regarded as solid sulfuric acid or caustic soda. It is 
also possible to prepare membranes which have properties of 
weak electrolytes, such as ammonia or acetic acid, but these are 
usually of limited interest because of their pH sensitivity (14). 
The resins in most common use are polystrene cross-linked 
12 
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with divinylbenzene to make them insoluble (14). The ion-
exchange resin which is permeable to cations is made by 
sulfonating the polystyrene resin. Approximately one sulfonic 




The acid content of this cation exchange resin is usually about 
five milliquivalents per dry gram (14). The ion exchange resin 
which is permeable to anions contains quaternary ammonium groups 
attached chemically to the polystyrene as shown below (15): 
CH----CH2 cH----cH2 
CH3 
'+ -H2c~~ -CH3Cl 
Crt} 
J 
The basicity of this anion exchange resin is about one to 
three milliquivalents per dry gram. 
The selectivity and electrical conductivity of ion 
exchange membranes are dependent upon the concentration and 
composition of the solutions in contact with the membranes. 
Tables III and IV list typical examples of the resistance and 
selectivity of anion and cation exchanger membranes to various 
ions (14). The resistance listed in Table III are specific 
resistances, that is, they are the resistance divided by the cross 
sectional area of the membrane in a direction perpendicular to 
the flow of electrical current. In Table IV, the transport 
number is defined as the fraction of all the ions, both positively 
and negatively charged, carried through the membrane which have 
one given electrical charge. For example, an anion exchange 
membrane should be impermeable to positive ions, with t+ = 0. 
Therefore a transport number 0.3 means that 30 per cent of the 
ions to which the membrane is impermeable was transported across. 
it. 
It is clear from Table IV that leakage of hydrogen ions 
through anion exchange membranes and hydroxyl ions through cation 
exchange membranes is quite high in acidic and basic solutions 
respectively. But one notices that leakage in neutral solutions 
is low. The problem of leakage creates a serious obstacle in 
industrial applications because of the large number of acidic and 
basic solutions. The problem of leakage is being studied by 
membrane manufacturers (14). 




TYPICAL RESISTANCE OF MEMBRANE** 
Resistancei"" 
Membrane Solution lN Permeable ion (ohm) (sq. ft.) 
Cation HCl H+ 0.002 
NaOH Na+ 0.009 
NaCl Na+ 0.015 
Anion HCl Cl- 0.005 
NaOH OH- 0.006 
NaCl Cl- 0.013 
Na2so4 so4 0.022 
.,~ "Chemical Engineers Handbook", 4th Ed. Section 17, p. 45; 
l.vicGraw-Hill Book Co., New York, New York, (1962) 
** Current density 90 amp/sq.ft. 
Table IV 
TYPICAL SELECTIVITY OF MEMBRANES** 
Permeable Leakage 
Membrane Solutions lN ion ion 
Cation NaCl NaOH ~a+ OR-
NaCl + Cl Na2so4 Na 
NaCl Na2so4 Na+ so4 
Mgso4 MgC1 2 Mg 
++ Cl 
+ 
Anion NaC1 HCl Cl H 
HCl NaCl Cl + Na 
Cl ++ NaCl MgC1 2 Mg 
* "Chemical Ertgineers Handbook", 4th Ed., Section 17, p.45 
McGraw-Hill Book Co., New York, New York (1962) 











is an important factor. Thermal degradation is an important 
consideration especially with anion exchange membranes. The best 
of anion exchange membranes suffer degradation above 60° C (16). 
The mechanical strength of the membrane has to be con-
. d d F . t. f. h 11 d "h II s~ ere • or sc~en ~ ~c purposes, t e so-ca e omogenous 
membranes are preferred because of their greater selectivity. 
These are coherent, unsupported gels. For practical applications 
reinforced or "heterogenous" membranes offer the advantage of 
higher mechanical strength. These membranes are supported by 
inert carriers or binders. The preparation of mechanically stable 
ion exchange membranes is somewhat difficult. So far, only very 
few membranes are commercially available. Details of their prepa-
ration are kept secret by the manufacturers (15). 
Aqueous Solution Chemistry of Technetium 
Technetium was the first missing element to be synthesized 
by man (Perrier & Segre 1937) (17). It occurs in nature only 
as a spontaneous fission product in uranium ores. The known 
isotopes of technetium are 60 day Tc95m, 4.2 day Tc96,91 day Tc97m, 
6 hr Tc99m and greater than 105 yr Tc97 , Tc98 , and Tc99 • Technetium 
is produced on a macroscopic scale in fission reactors with a yield 
of approximately 6 per cent and has been available in weighable 
quantities since 1946. 
Common Oxidation States. The two most thoroughly charac-
terized oxidation states of technetium are the +7 and +4. The 
17 
+3, +5, and +6 oxidation states are known but not too well 
understood to date. 
The most common form of the +7 oxidation state of technetium 
in aqueous solutions in the pertechnetate ion (TeO-). The 
4 
characteristics of this ion are the following: (1) it gives 
insoluble salts with large cations. (2) It is easily lost in 
evaporative processes from acid solution as Tc 2o 7 • (3) It is 
easily reduced to the dioxide from acidic aqueous solutions. 
(4) It is quite stable in alkaline solutions. (5) It is a most 
efficient corrosion inhibitor (7). In addition to the pertechne-
tate ion, two oxyhalides have been reported, Tco3c1 and Tc03F 
(18,19), which exist in aqueous solutions. The yellow solid 
Tc 2o 7 , formed from combustion of the pure metal, dissolves in 
water to give a colorless solution of HTco4 (20,21). 
In reference to aqueous solution, the most predominant form 
of the +4 oxidation state is technetium dioxide. This is due to 
the ease with which it is formed and precipitated from aqueous 
solutions of the pertechnetate ion. For example, at trace 
concentrations in dilute sulfuric acid solutions, the pertechnetate 
ion will be reduced to the dioxide by hydrazine, hydroxylamine, 
ascorbic acid, Sn (II) and Hg (I) (22). Another quite easily 
obtained form of the +4 oxidation state is the hexahalogentechnetate 
= ion TcX6 It is usually formed from the pertechnetate in 
concentrated solutions of the halogen acids (23, 24, 25). In 
neutral or b~sic solutions, the hexahalogentechnetate ions hydrolyze 
18 
Oxidation Reagents For Technetium Compounds. Most known 
reagents which oxidize technetium compounds in aqueous solutions, 
oxidize them to the +7 oxidation state as the pertechnetate ion. 
Nitric acid, aqua regia, and hot concentrated H2so4 will dissolve 
technetium metal to the pertechnetate ion. The dioxide can be 
oxidized to the pertechnetate ion,by HN03 , Ce (IV) or alkaline 
H20 2 (22). At elevated temperatures, the dioxide reacts with 
oxygen to give Tc 2o 7 (22). Nitric acid and acidic or alkaline 
hydrogen peroxide will oxidize the hexachlorotechnetate ion to 
the pertechnetate ion (22,26). 
Reduction Agents For Technetium Compounds. Hot concen-
trated HCl, HBr, and HI will reduce the pertechnetate ion to 
the hexahalogentechnetate ion (27). As stated previously, 
the pertechnetate ion is reduced by hydrazine, hydroxylamine, 
ascorbic acid and stannous chloride to the dioxide. A +6 
oxidation state is obtained by hydrazine reduction of cold 
alkaline pertechnetate solutions (22). A rapid reduction of the 
pertechnetate ion can be carried out by use of Zn in concentrated 
HCl. Also the pertechnetate can be reduced by the thiocyanate 
ion, hydrochloric acid (28) and an anion exchange resin (29). 
Complex Ions of Technetium. By reducing the pertechnetate 
ion in a solution of 1.5N H2so4 and 1-5 diphenylcarbohydrazide 
a complex of technetium and 1-5 diphenylcarbohydrazide is formed 
which is thought to be either neutral or cationic (30). Technetium 
as Tco
4
- forms a colored complex (orange-red) with toluene 3-4 
19 
dithiol in a 2.SN HCl solution. This colored complex can be used 
for spectrophotometric determination of technetium (31). A 
cyclopentadienyl derivative of technetium can be made which 
dissolves in a 10 per cent solution of tetrahydrofuran to give 
a pale yellow solution. The complex is also stable in water and 
forms a precipitate with hydrogen chloride gas (32). Thiocyanate 
in 3.5-4 molar HCl will reduce technetium to both red and yellow 
colored complexes probably Tc (V) and Tc (IV) respectively. These 
complexes appear to be quite stable. Attempted oxidation with 
Ce (IV) occured slowly (33). 
Precipitates of Technetium. The sulfide of technetium 
(TczS7) can be precipitated from aqueous solutions by H2s (34,35) 
thioacetamide (36) and sodium thiosulfate (22,37). The pertechne-
tate forms slightly soluble salts with large cations such as Tl+, 
+ + Ag , nitron, and (C6H5 ) 4 As • The most widely used reagent for 
gravimetric determination of technetium is the tetraphenylarsonium 
Miscellaneous Information on Technetium. Electrodeposition 
from 2N NaOH solutions will separate macroamounts of technetium 
from molybdenum and rehenium (38). Pertechnetate ions are very 
strongly absorbed by most anion exchangers (35). Among the 
elutriants used to remove the pertechnetate ion from the anion 
exchangers are solutions containing the thiocyanate (39), 
perchlorate (23,29) and nitrate ions (40). Pyridine extracts 
20 
from 4N NaOH solutions with a partition coefficient of 
778 (41). Because of the volatility of Tc 2o7 , technetium may be 












Aqueous Solution Chemistry of Zirconium 
Zirconium aqueous solutions are characterized by a high 
degree of hydrolysis of its compounds, formation of a consider-
able number of complex ions and a tendency to form polymers. 
The usual oxidation state of zirconium in its complexes in 
aqueous solutions is +4. In contrast to the general tendency of 
technetium to be in an anionic state in aqueous solutions, zirconium 
exists in both cationic and anionic complexes. The type of charge 
on the complexes of zirconium is highly dependent upon the concen-
tration and type of ions present. In alkaline solutions, zirconium 
precipitates as the hydroxide, whereas technetium stays in solution 
and is quite stable as the pertechnetate ion. 
According to Blumenthal (43) when a zirconium compound is 
dissolved in water, certain stereotyped reactions generally occur, 
which can be illustrated by examining the case for a zirconium 
compound of molecular formula ZA
4
• It will tend to be hydrated 
to give the structure 
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If the size and shape of A, however, doesn't permit the approach 
of 4 water molecules to a bond length from the zirconium nucelus, 
fewer than 4 water molecules will become bound, and the pictures 
for the following changes will be somewhat altered but retain the 
same general characteristics. Ionizations of the following types 
will tend to occur: 
(1) 
(2) 
Equation 2 assumes A to be a radical containing an ionizable 
hydrogen, e.g. Hso4 -. These equations indicate that whether the 
zirconium ion is a cationic or an anionic species depends upon the 
relative bond strengths of atoms or groups in the molecules under 
the prevailing environmental conditions. If the relative bond 
strengths are in reverse order, A anions and complex zirconium 
cations will form. Thus if a radical, A-, is exchanged for an 
aquo group the complex will be cationic; if it releases a proton 
and acquires an aquo group, it will be anionic. These exchanges 
may have superimposed upon them other changes such as replacement 
Qi a radical A-, by an OH- group. 
Zirconium in an Aqueous Fluoride Medium. Complexing with 
corresponding halogen hydracids, and especially their salts, is 
a characteristic of zirconium halogen compounds. Most typical 
complex derivatives are represented by the general formula M ZrG 2 6 
(where M is a univalent metal and G is a halogen). They 
crystallize well and hydrolyze to a lesser degree than the initial 
ZrG4 halide, pointing to the high stability of complex ions 
(ZrG6J-2 in solution (44). Connick and McVey (45) studied the 
formation of zirconium complexes in 2 M HCl04 and have shown that 
zirconium complexes with the fluoride are quite stableo The 
fluoride complex of zirconium is so stable that colored compounds 
(lakes) obtained by the reaction of zirconium with alizarin-s and 
other organic substances are destroyed in the presence of fluoride 
ions. A particularly important aspect of the high strength of 
the Zr-F bond is that it is stable in the presence of water, 
whereas the other halogens are generally replaced from zirconium 
by water. Brauer verified the strength of the zirconium-fluoride 
complex in a series of electrodialysis experiments (46). He 
found that in a 1 N solution of hydrofluoric acid that the 
zirconium was transferred to the anode cell of a three cell 
electrodialysis unit much more quantitatively than in similar 
solutions of oxalate, sulfate, chloride, perchlorate and nitrate 
ions. 
The exact formula of the zirconium-fluorine complex is a 
function of the pH and acidity of the solution. Connick and 
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McVey (47) found that there is an average of one fluoride ion per 
zirconium atom at an HF concentration of 2Xl0-5 molar; an average 
of two fluoride ions per zirconium atom in 3Xl0-4 molar HF; three 
fluoride atoms per zirconium atom in lXlo-2 molar HF. Zirconium 





it is not practically hydrolyzed even upon heating of its 
solution. Fluorozirconic acid (H2 ZrF6) is formed upon solution 
of zirconium in hydrofluoric acid (44). 
Zirconium in an Aqueous Nitrate System. The state of 
zirconium in aqueous nitrate solutions is difficult to predict. 
To date, there has been a considerable amount of discussion on 
the subject. Schubert, Conn, and Richter (48, 49, 50) studied 
the absorption of zr 95 on a cation exchange resin in diluted 
HN03 • These authors found that at 0.2 N concentration of the 
acid, absorption reaches a maximum and remains constant to 1 N 
concentration of the acid. Because the absorption of zr95 on a 
cation exchanger does not decrease with the increase of acidity, 
these authors assumed that zirconium is in a colloidal state. 
Lister and McDonald (51) believed in contrast to Schubert and his 
co-workers that zirconium exists in the form of complex ion in 
nitric acid and that these are the product of hydrolyzed zirconium 
salts. They have shown experimentally that the state of zirconium 
in nitric acid is greatly affected by hydrolysis and complex 
formation processess. V. I. Paromonova and A. S. Voevodskii (52) 
using zr95 studied the problem at concentration of 10-4 molar zr95 
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in nitrate solutions on ion exchange resins. They arrived at the 
conclusion that the zirconium is absorbed by both cation and anion 
exchangers, and that it is absorbed to a greater degree by the 
anion exchangers. 
Zirconyl nitrate Zr(N0)) 2 .2H20 is the phase most commonly 
obtained from aqueous solutions containing zirconium and nitrate 
ions (53,54). When an aqueous solution of zirconyl nitrate was 
passed through cation and anion exchangers only two per cent of 
the zirconium was retained (55). This indicates that the zirconium 
in the solution is almost entirely in a nonionic species, 
probably ZrO(OH) (N03) (43). 
Zirconium in Alkaline Solutions. Practically every complex 
of zirconium in aqueous solutions is broken in alkali solutions. 
The addition of ammonia or alkalies to a zirconium salt solution 
precipitates zirconium hydroxide as a gelatinous white amorphous 
residue (44). It can be formed also by the hydrolysis of zirconium 
salts. Zirconium hydroxide cannot be assigned a definite formula. 
It is a hydrated zirconium dioxide (Zr02 ) whose degree of hydration 
depends on several conditions. The hydroxide has a greater degree 
of hydration and dispersion when precipitated in alkaline mediums 
than when formed by slow hydrolysis in a weakly acid medium which 
is heated. Zirconium hydrolysis begins at a low pH and depends 
strongly on temperature, acidity, and the amount of zirconium and 
other salts. Zirconium hydroxide starts precipitating in cold 
HCl at a pH of 1.9. A considerable residue is obtained at pH of 3.4. 
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In sulfuric acid solutions,zircon~um hydroxide precipitates at a 
pH of 1.7 and terminates at a pH of 4.2. In hot solutions, the 
precipitation of the hydroxide occurs at a higher pH (53). The 
precipitation of zirconium may be prevented by organic aliphatic 
acids: Citric, malic,vinous, etc., and by polyatomic alcohols 
and compounds with several hydroxyl groups; for instance glycerin, 
saccharose, pyrocatechol, etc. The precipitation of the hydroxide 
occurs at a high pH in the presence of fluorides, oxalates and 
other organic compounds. In a strongly ammonical medium, the 
precipitations are more quantitative that in the alkalies, NaOH, 
KOH (44). 
In addition to hydroxides, phosphates, iodates, cupferronates, 




The purpose of this investigation was to separate technetium 
from zirconium by electrodialysis techniques, when both elements 
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were irtitially contained in aqueous solutions of nitrate and fluoride 
ions. 
Plan of Experimentation 
It was initially planned to study the transferrence of technetium 
across ion exchange membranes in various aqueous solutions containing 
the nitrate and fluoride ions. Then it was planned to determine a 
particular solution in which technetium and zirconium could be separated. 
From the literature survey it was found that in alkaline solutions, 
technetium remained in a stable anion complex and zirconium precipitated 
as the hydroxide. Since the concentration of zirconium in radioactive 
waste solutions is not large enough for precipitation, it will remain 
in solution as the unionized radiocolloidal zirconium hydroxide. 
Therefore, it was projected that the separation of technetium from 
zirconium by electrodialysis could be obtained in alkaline solutions. 
Experimental Procedure 
A listing of the materials and apparatus used in this 
investigation, their specifications, the manufacturers or 
supplier and their uses are given in Appendix I·. The preparations 
of the various types of solutions are given in Appendix II. 
Analysis of Solutions for Acidity or Basicity. The concen-
tration of all reagents was determined by standard acid-base 
titrations using phenolphtalein as an indicator. When the 
acidity or basicity was near the neutral point, a pH meter was 
used to determine the acidity or basicity. The concentration 
in the electrodialysis cells was determined immediately after 
the experiment because in many experiments, the final basicity 
of the feed cell was due to ammonium hydroxide formed from the 
ammonium bifluoride initially present in the cells. 
Electrodialysis. Electrodialysis was initiated after all 
cells had been properly filled and sampled. The temperature of 
the cell solutions were recorded with thermometers which had been 
inserted in each cell. The temperature,voltage drop across the 
cells and the current was recorded every ten minutes. For the 
experiments performed during this investigation, the voltage 
ranged from six to nine volts and the current was usually 1.0 
ampere. During the experiment, the temperature of the water 
bath was checked for consistency. The water bath consisted of a 
trough, in which the cells were partially immersed, through 
which tap water flowed at a constant rate. The experiment was 
terminated by opening the circuit, sampling the cells, and 
measuring the cell volumes. 
Sampling the Electrodialysis Cells. The cells were sampled 
with 0.5 milliliter pipettes. Two samples of each cell were 
taken before and after the experiment. Before sampling, the cells 
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were stirred by using a sqeeze bulb and the sampling pipette to 
bubble air through the solution. 
Cleaning the Electrodialyzers. The electrodialysis units 
were cleaned after each experiment. The cells were disassembled 
and washed with soap and distilled water. The unit was then 
reassembled and the cells were filled with approximately 2 N 
nitric acid. After filling with nitric acid, the cells were 
dialyzed for two hours at a current density of 250 milliamps/sq.cm. 
Drying the Isotope Samples. The counting dishes were filled 
with 0.5 milliliter pipette samples and dried with the use of a 
heat lamp. While under the heat lamp, the samples were setting 
on a spinner to enchance even drying. The usual drying period 
was two hours. Before drying technetium samples from acid solutions, 
one drop of thioacetamide was added to them. This was necessary 
to prevent evaporation of the pertechnetate ion. The thioacetamide 
was a source of hydrogen sulfide. The hydrogen sulfide fixed the 
technetium as Tc 2s7 • 
Cleaning the Counting Dishes. The counting dishes were first 
rinsed in tap water. The dishes were then rinsed in concentrated 
nitric acid. After rinsing, the dishes were boiled for four hours 
in a one to one solution of distilled water and concentrated nitric 
acid. 
Radioactive Counting. The thoroughly dried sample was 
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subjected to standard beta counting procedures. The sample was 
placed under a shielded Geiger-Mueller tube and the activity was 
recorded by a scalar. The voltage applied to the Geiger-Mueller 
tube was determined periodically by checking the voltage plateau 
curve for the tube. The counting efficiency for a particular 
voltage was checked periodically by using radium D and E standards. 
The counting time used in all cases was of sufficient length to 
make the counting error less than one per cent. The same counter, 
Geiger-Mueller tube, and scalar were used for each experiment in 
order to eliminate the need for correction due to geometry and 
efficiency. 
Cleaning Pipettes and Glassware. It was of utmost importance 
in this investigation to keep all apparatus as free of radioactivity 
as possible. Beakers, thermometers and burrettes were subjected to 
a four step cleansing procedure as follows: (1) washing with dis-
tilled water and soap, (2) rinsing with dilute nitric acid, (3) 
rinsing with distilled water and, (4) rinsing with acetone. 
Calculations. The activity of the total volume of cell 
solution was calculated from the average value of the activity 
of the two samples. This was done for each cell before and after 
electrodialysis. The per cent of the total feed activity remaining 
in each cell of the dialyzersdidn't total 100 per cent, it was 
assumed that the remaining activity was deposited on the membrane. 
This assumption was qualitatively checked and the assumption seemed 
valid. 
Data and Results 
All data shown (Tables V to XIII) were obtained with a two 
cell electrodialysis unit using an anion exchange membrane. Due 
to the deterioration of anion exchange membrane above 60°C, the 
experiments were terminated before reaching 60°Co Only one 
experiment had to be terminated due to temperature considerationso 
This was Experiment No. 1. The average temperature for the 
other experiments was between 35°C and 45oc. 
Except for the experiments in Tables IX and XIII, the 
composition of the feed cell and anode cell were the sameo Figure 
3 shows Separation curves for technetium and zirconium in solutions 
of HN03 and NH4 HF2 which were neutralized and made basic with 
sodium hydroxide. The data in Tables X and XIII were used to 
construct the Separation curves shown in Figure 3. The experi-
ments in Tables X and XIII were not performed with technetium and 
zirconium in the electrodialysis unit at the same time, but extreme 
effort was made to insure that the same equipment, reagents, and 
glassware were used in these experiments. 
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TABLE V 
THE ELECTRODIALYSIS OF TECHNETIUM (Tc99) 
FROM NITRIC ACID SOLUTIONSa 
Exp Time Total activity Init. Cone. Final Acidity 
of Tc99 in of HN03 of cells 
feed cell in cells Anode Feed 
No. (Min) (CPS)c (MEQ/ML) (MEQiML) 
1 40 416,610 0.5 0.88 0.05 
2 60 72,103 1.0 1.35 0.51 
3 60 70,941 1.5 1.87 1.10 
4 60 58,987 2.0 2.26 1.61 
5 120 61,974 2.5 3.13 --
a Current density = 185 mil1iamps/cm2 
b Per cent of feed activity deposited on anion exchange membrane 
c CPS = Counts per second 
% Distribution of 
Tc99 
Anode AEMb Feed 
-~-----····~ 
63.20 23.20 13.60 
45.51 7.10 47.38 
22.92 12.72 64.36 
13.90 20.49 65.61 




THE ELECTRODIALYSIS OF TECHNETIUM (Tc99 ) 
FROM AMMONIUM BIFLUORIDE SOLUTIONSa 
Exp Time Total activity Init. cone. Final Basicityc 
of Tc99 in of NH4HF2 or acidity 
feed cell in cells Anode Feed 
No. (Min) (CPS) (MEQ/ML) (MEQ/ML) 
6 60 109,445 0.27 acidic basic 
7 90 163,243 0.54 1.33A 5xl0-5B 
8 120 27,164 1.00 2.08A 0.39B 
a Current density = 123 MA/Cm2 
b Per cent of feed activity deposited on anion exchange membrane 
c A=acidic solution 
B=basic solution 
% Distribution of 
Tc99 
Anode AENb Feed 
45.06 37.31 17.63 
30.85 61.92 7.23 




THE ELECTRODIALYSIS OF TECHNETIUM (Tc99) 
FROM (NITRIC ACID + AMMONIUM BIFLUORIDE) SOLUTIONsa 
Exp Time Total activity Init.conc. of Final Basicityc % Distribution of 
of Tc99 in NH4HF2 and or acidity Tc99 
No. 
Feed cell HN. o3 ... in. cellsd Anode Feed Anode AEMb Feed (Min) (CPS) . __ utMEQ/ML) (MEQ/ML) 
Q 60 17,665 0.25 l.lOA 
10 60 33,361 0.5 acidic 
11 120 69,141 0.5 2.20A 
a Current density = 123 MA/Cm2 
b Per cent of feed activity deposited on anion exchange membrane 
c A=acidic solution 
B=basic solution 
d Initial concentration of anode cell and feed cell (cathode) are 
the same, e.g. 0.25 = .25 MEQ/ML of HN03 + 0.25 MEQ/ML of NH4HF2 
initially in each cell 
1. 70B 52.87 34.47 12.66 
basic 43.90 10.10 46.00 




THE ELECTRODIALYSIS OF Tc99 IN SODIUM HYDROXIDE 
SODIUM NITRATE AND (SODIUM NITRATE + 
SODIUM HYDROXIDE) SOLUTIONSa 
Exp Time Total activity Init. Com- Final Basicityc 
of Tc99 in position of or acidity 
feed cell cells Anode Feed 
No. (Min) (CPS) (MEQ/ML) (MEQ/ML) 
12 120 60,950 0.3 NaOH --- ---
13 120 52,378 1.42 NaOH --- ---
14 120 29,000 2.0 NaN03 0.75A 0.86B 
15 120 34,765 0.5 NaN03 0.53A 0.66B 0.03 NaOH 
16 120 18,864 1.0 NaN03 0.49A 1.25B 0.3 NaOH 
a Current density = 123 MA/Cm2 
b Per cent of feed activity deposited on anion exchange membrane 
c A=acidic solution 
B=basic solution 
% Distribution of 
Tc99 
Anode AEMb Feed 
1.80 96.89 1. 31 
0.47 90.91 8.62 
29.74 57.18 14.08 
41.74 51.37 6.89 




THE ELECTRODIALYSIS OF TECHNETIUM (Tc99) FROM VARIABLE CONCENTRATIONS OF 
SODIUM HYDROXIDE AND CONSTANT INITIAL CONCENTRATION 
OF (0.25N NaF + 0.25N NHLJF)d SOLUTIONSa 
Exp Time Total activity Init. cone. Final BasicityC 
of Tc99 in of NaOH or acidity 
feed cell in cells Anode Feed 
N_o. (Min) _iC_P_ID_~~ (MEQ/ML) (MEQ/ML) 
17 120 16,141 o.o 0.41A 
18 120 37,553 0.1 0.40A 
19 120 38,093 0.2 0 .18A 
20 120 17,736 0.25 0.21A 
21 120 43.115 0.40 0.035B 
a Current density ~ 123 MA/Cm2 
b Per cent of feed activity deposited on anion exchange membrane 
c A=acidic solution 
B=basic solution 
d feed cell contained 0.0625N NaN03 due to Tc9 9 being stored 






% Distribution of 
Tc99 
Anode AEMb Feed 
15.41 65.89 18.70 
38.86 49.04 12.10 
31.90 59.11 8.99 
29.32 43.05 27.63 
















THE ELECTRODIALYSIS OF TECHNETIUM (Tc99) FROM VARIABLE CONCENTRATIONS OF 
SODIUM HYDROXIDE AND CONSTANT INITIAL CONCENTRATION 
OF (0.25N NaF + 0.25N NHqF + 0.25N NaN03) SOLUTIONsa 
Time Total activity Init. cone. Final BasicityC 
of Tc99 in of NaOH or acidity 
feed cell in cells Anode Feed 
(Min) (CPS) (MEQ/ML) (MEQ/ML) 
120 30,473 0.1 0.47A 0.72B 
120 37,475 0.2 0.33A 0.73B 
120 35,207 0.3 0.20A 1.04B 
120 39,064 0.4 0.20A 0.93B 
120 35,203 0.5 0.08A 1.02B 
120 19,242 0.6 5.6xlo-6A 1.04B 
120 32,176 0.7 0.07B 1.17B 
Current density = 123 MA/Cm2 
Per cent of feed activity deposited on anion exchange membrane 
A=acidic solution 
B=basic solution 
% Distribution of 
Tc99 
Anode AEMb Feed 
46.19 40.61 13.20 
41.35 25.26 33.39 
33.87 51.93 15.20 
32.50 26.89 40.53 
31.57 51.49 16.94 
29.72 27.19 43.09 




THE ELECTRODIALYSIS OF ZIRCONIUM (zr95) IN 
SODIUM HYDROXIDE SOLUTIONSa 
Exp Time Total activity Init. cone. Final BasicityC % Distribution of 
of zr95 in of NaOH of cell zr95 
feed cell in cells Anode Feed Anode AEMb Feed 
No. (Min) (CPS) (MEQ/ML) (MEQ/ML) 
29 120 25,043 0.6 0.59 
30 120 81,046 1.42 1.34 
a Current density = 123 MA/Cm2 
b Per cent of feed activity deposited on anion exchange membrane 




12.18 15.45 72.37 




THE ELECTRODIALYSIS OF ZIRCONIUM (zr95) FROM VARIABLE CONCENTRATIONS OF 
SODIUM HYDROXIDE AND CONSTANT INITIAL CONCENTRATION 
OF (0.25N NaF + 0.25N NH4F)d SOLUTIONSa 
Exp Time Final Basicityc 
or acidity 
Total activity 









31 120 8,521 o.o 0.42A 
32 120 9,154 0.25 O.l4A 
a Current density = MA/Cm2 
b Per cent of feed activity deposited on anion exchange membrane 
c A=acidic solution 
B=basic solution 
d Feed cell contained 0.0625 NaN03 due to zr95 being stored 




% Distribution of 
zr95 
Anode AEMb Feed 
51.46 12.73 35.63 




THE ELECTRODIALYSIS OF ZIRCONIUM (zr95) FROM VARIABLE CONCENTRATIONS OF 
SODIUM HYDROXIDE AND CONSTANT INITIAL CONCENTRATION 
OF (O. 25N NaF + 0. 25N NH,1F + 0. 25N NaNOJ) SOLUTIONSa 
Exp Time Total activity Init. cone. Final Basicityc 
of zr95 in of NaOH or acidity 
feed cell in cells Anode Feed 
No. (Min) (CPS) (MEQ/ML) (MEQ/ML) 
33 120 17,360 0.0 0.44A 0.71B 
34 120 14,230 0.1 0.40A 0. 70B 
35 120 26,215 0.2 0.25A 0.62B 
36 120 25,022 0.3 0.22A 0.95B 
37 120 24,986 0.4 0.12A 1.03B 
38 120 26,556 0.6 l.Oxl0-6A 1.09B 
a Current density = 123 MA/Cm2 
b Per cent of feed activity deposited on anion exchange membrane 
c A=acidic solution 
B=basic solution 
% Distribution of 
zr95 
Anode AEMb Feed 
25.30 0.17 74.53 
9.79 45.56 44.65 
4.50 22.47 73.03 
4.96 42.30 52.80 
3.95 29.69 66.26 
1.49 29.85 68.66 
+-0 
IVo DISCUSSION 
The discussion consists of three sections: (1) discussion 
of experimental results, (2) limitations and, (3) recommendationso 
Discussion of Results 
The results of this investigation are discussed in order 
of table numbers as listed throughout the data presentation. 
Table V. The purpose of the experiments in Table V vas 
to determine if technetium could be transferred across an anion 
exchange membrane in nitric acid solutions. The results indicate 
that the technetium was transferred across the membrane. These 
results are consistent with the chemistry of technetium. Nitric 
acid oxidizes the technetium metal and technetium dioxide to the 
perteGhnetate ion. Therefore, the technetium as the pertechnetate 
ion should transfer across an anion exchange membrane, since the 
pertechnetate ion is negatively charged (Tc04). 
The largest percentage transfer, 63.2 per,cent, was obtained 
in Experiment No. 1, 0.5 N HN03 • This was because there was less 
competition for the current in the more dilute solutions. 
Table VI. The experiments listed in Table VI indicate that 
technetium can be transferred across an anion exchange membrane 
in solutions of the fluoride ion. The transfer in the solution 
·of ammonium bifluoride was not as large as in the nitric acid 
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solutions. For example, in the 1.0 N nitric acid solution 
(Experiment No. 2) the transfer of technetium to the anode cell 
was 45.51 per cent in 60 minutes. In the 1.0 N ammonium bifluoride 
solution (Experiment No. 8) the transfer of technetium to the anode 
cell was only 29.73 per cent in 120 minutes. Although the current 
density in the nitric acid solution was 185 milliamps per sq. em. 
and the current density in the fluoride solution was 123 milliamps 
per sq. em., this does not account for the difference in amount 
of technetium transferred. The amount of transfer is approximately 
linear with current density. The difference in transfer could be 
because the ionic strength of the fluoride solution is greater 
than in the nitric acid solution. The ammonium bifluoride could 
break down into one ammonium ion, one hydrogen ion and two 
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fluoride ions. Whereas there would be only two ions in the nitrate 
solution, one hydrogen ion and one nitrate ion. Therefore, in the 
fluoride system, two fluoride ions would be competing for::ther:current;:, 
whereas in the nitrate system only one ion would be competing for 
the current. 
By comparing Table V and VI, one notices that more of the 
technetium was deposited on the anion exchange membrane in the 
fluoride solutions than in the nitrate solutions. A possible 
explanation for the greater retention of the technetium on the 
membrane in the fluoride solutions than in the nitrate solutions 
is that the nitrate ion is eluting the technetium from the membrane. 
It has been found in ion exchange columns using an anion exchange 
resin that the pertechnetate ion will deposit on the resin in a 
reduced form as the dioxide, but is eluted from the resin with 
nitric acid (40). 
Table VII. The experiments in Table VII indicate that 
technetium can be transferred across an anion exchange membrane 
by electrodialysis in a mixture of ammonium bifluoride and nitric 
acid. The amount of transfer to the anode cell was intermediate 
to the transfer in nitric acid solutions and ~onium bifluoride 
solutions. This was to be expected. 
Table VIII. The experiments in Table VIII show the results 
of electrodialysis of technetium in sodium hydroxide, sodium nitrate 
and (sodium hydroxide + sodium nitrate) solutions. 
Experiments 12 and 13 indicate that in sodium hydroxide 
solutions, the technetium was almost completely deposited on the 
anion exchange membrane. It has been found by other investigators 
that technetium was easily absorbed on anion exchange resins from 
alkaline solutions (40). 
Experiment 14 indicates that technetium can be transferred 
across an anion exchange membrane in sodium nitrate solutions. It 
is interesting to note that the transfer of technetium to the 
anode cell in 2 N NaN03 solution for 120 minutes of electrodialysis 
time is approximately double the transfer to the anode cell in a 
2 N nitric acid solution for 60 minutes of electrodialysis time. 
4J 
This indicates the rate of transfer of technetium in sodium nitrate 
solutions is the same as in nitric acid solutions. 
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Experiments 15 and 16 indicates that technetium can be 
transferred across the membrane from alkaline sodium nitrate solutions. 
Table IX. The experiments listed in Table IX were performed 
in solutions which consisted of ammonium bifluoride which had been 
neutralized and made basic with sodium hydroxide. Therefore, the 
resulting solutions consisted of sodium hydroxide, sodium fluoride, 
and ammonium fluoride. The concentration of sodium fluoride and 
ammonium fluoride was held constant in all the experiments in 
Table IX." The-'concentration of the anode cell and feed were the 
same in all experiments except that the feed cell was 0.0625 N in 
sodium nitrate. 
Experiments 18 through 21 indicate that the technetium can 
be transferred across the anion exchange membrane. They show 
uniformity in that the transfer of technetium to the anode cell 
decreases as the ionic strength of the solution increases. In 
Experiment 17, the amount of transfer to the anode cell is the 
least. From ionic'strength considerations the transfer should have 
been the largest. The initial solution was neutral and not basic 
as in the other experiments. Also in Experiment 17, more technetium 
was held on the membrane than in the other experiments. It has been 
shown that technetium would transfer across an anion exchange 
membrane in acid bifluoride solutions, Table VI. Experiments 18 
through 21 indicate that technetium transfer across the membrane 
in basic fluoride solutions. Therefore, Experiment 17 must be 
in error. 
Table X. The experiments listed in Table X were performed 
in solutions which consisted of a mixture of ammonium bifluoride 
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and nitric acid which had been neutralized and made basic with sodium 
hydroxide. Therefore, the resulting solutions consisted of sodium 
hydroxide, sodium fluoride, ammonium fluoride and sodium nitrate. 
These experiments indicate that technetium can be transferred across 
the anion exchange membrane to the anode cell in these solutions. 
The transfer to the anode cell shows uniformity in that the 
amount of transfer of the technetium decreases with the increasing 
ionic strength of the solution. 
It is interesting to compare Experiment 16 in Table VIII 
with Experiment 24 in Table X. Experiment 16 was performed in 
0.3 N sodium hydroxide and 1.0 N sodium nitrate. Experiment 24 
was performed in 0.3 N sodium hydroxide and (0.25 N NaF + 0.25 N 
NH4F + 0.25 N NaN03). The per cent transfer to the anode cell was 
33.18 and 33.87 in Experiments 16 and 24,respectively. Although 
the normality of negative ions being attracted toward the anode 
was 1.0 in Experiment 16 and 0.75 in Experiment 24, the approximate 
equivalent amount of technetium transfer in both experiments indicates 
that the same ion was being transferred in both solutions TeO~. 
Table XI. The experiments listed in Table XI were performed 
in sodium hydroxide solutions. The results indicate that 
zirconium is not transferred across the anion exchange membrane. 
These results are consistent with the solution chemistry of 
zirconium. Zirconium is readily precipitated as the hydroxide 
from alkaline solutions (53,44). Therefore, the zirconium 
remained as the hydroxide in the feed cell. These solutions are 
very dilute relative to the tracer isotope, therefore, the 
zirconium remained in solution as a neutral radiocolloid. 
Table XIIo The experiments listed in Table XII were performed 
with zirconium under similar conditions as with technetium experi-
ments listed in Table IX. A comparison of Experiments 31 and 32 
in Table XII, indicates that the transfer of zirconium was quan-
titative from an initially neutral solution of ammonium 
bifluoride, but was not quantitative from an ammonium bifluoride 
solution which was initially 0.25 N in sodium hydroxide. Experi-
ment 31 indicates that 51.46 per cent of the zirconium was 
transferred before the increasing basicity of the feed cell stopped 
the transfer of zirconium due to radiocolloidal formation of the 
neutral zirconium hydroxide. Experiment 33 indicates that the 
0.25 N NaOH was basic enough to prevent a quantitative amount of 
zirconium to transfer across the membrane. 
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Table XIII. The experiments listed in Table XIII were performed 
with zirconium under similar conditions as with technetium experiments 
as listed in Table X. 
Experiments 33 through 38 indicate that the transfer of 
zirconium across anion exchange membrane is not quantitative in 
mixtures of nitric acid and ammonium bifluoride which have been 
neutralized and made basic with sodium hydroxide. The transfer 
of zirconium in Experiment 33 is probably due to the same reasons 
for the transfer in Experiment 31. 
Separation Curves for Technetium and Zirconium. The 
principle objective of this investigation was to separate technetium 
and zirconium in aqueous solutions of nitrate and fluoride ionso 
The experiments in Tables X and XIII indicate that technetium can 
be separated from zirconium. The separation can be obtained by 
neutralizing and making basic the acid nitrate and fluoride medium. 
This leaves the technetium in solution as the negatively chargedr 
pertechnetate ion and zirconium neutrally charged as the hydroxide. 
Therefore, by electrodialysis in a two cell unit with an anion 
exchange membrane, the technetium is transferred to the anode cell 
and the zirconium is left in the feed cell (cathode)o 
Shown in Figure 3 are Separation curves for technetium and 
zirconium. The curves were constructed with the data in Tables 
X and XIII. The curve for zirconium has the shape of an exponential 
decay curve. This indicates that the zirconium was becoming the 
colloidal hydroxide as the concentration of the sodium hydroxide 
was increased. 
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The region of optimum concentration of sodium hydroxide as shown 









o.o 0.1 0.2 . 0.3 0.4 o.s 0.7 o. 0.9 10.0 
Initial concentration HaOH(MEQ/ML) 
SEPARATION CURVhS FOR TECHNETIUM AND ZIRCONIUM IH 
VARIABLB CONCENTiU.TIONS OF liaOH A.ND CONSTANT 
INITIAL CONCENTRATIONS In BOTH C£LLS Ol 
(0.25N Ba~ + 0.25N NH41 + 0.25N NaN03 ) 
J'1gure J 
48 
curves. The region where the distances between the two curves was 
the largest was between 0.1 and 0.2 N NaOH concentration. 
Limitations 
Measurement of Final Cell Volumes. The determination of the 
final cell volumes was accurate to : 1.0 ml. This error was due 
to cohesion of solution droplets to the membranes and sides of cell 
compartments. 
Sampling. The samples for counting were removed with a 
one-half milliliter pipette and placed in the counting dishes. 
Small volume errors would thus cause error in the activity counted. 
Drying Samples. After the samples for radiation counting 
were placed in the counting dishes, they were dried under a heat 
lamp. Although extreme care was taken to insure uniform distri-
bution of the sample over the bottom of the counting dish, there 
was no assurance that it was uniformly distributed. The addition 
of thioacetamide to technetium samples to fix them as Tc2s7 and 
prevent evaporation of technetium as Tc2s7 resulted in a large 
precipitate of sulfides in the dishes. This precipitate was 
especially difficult to keep uniform in the counting dishes. 
Nonuniformity of the samples results in counting errors from 
sample to sample and experiment to experiment. 
Membranes. Nonuniformity of the membranes would result in 
differences in the selectivity from experiment to experiment. No 
precautions were taken to insure uniformity of the membranes except 
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to check for pin-holes with the naked eye. 
Radiation Counting. The error due to radiation counting 
was less than any of the other errors, provided the equipment was 
functioning properly. Periodic checks of efficiency and the plateau 
curve of the Geiger Mueller tube were made. In all experiments, the 
counting error was less than 0.1 per cent. 
Current Density. The average current was known to the 
nearest 0.1 ampere. 
Reommendations 
The pH or the basicity at which zirconium precipitates in 
various mixtures of fluoride and nitrate ions should be determined. 
This would then specify the minimum concentration of sodium hydroxide 
one would need in the feed cell to separate zirconium from 
technetium. 
A study of the separation of technetium from zirconium should 
include experiments in which the two are mixed in solutions which 
contain macroquantities of both elements. For most universities, it 
is not economically possible to obtain macroamounts of technetium. 
However, experiments could be performed with macroamounts of 
zirconium and tracer quantities of technetium. In most radioactive 
waste solutions, the concentration of both elements would be very 
low. However, if the fuel elements are clad with zirconium, the 




Technetium and zirconium initially in dilute aqueous acid 
fluoride and nitrate solutions can be separated with a two cell 
electrodialysis unit employing an anion exchange membrane. The 
solutions need only to be neutralized and made basic above 0.1 N 
with sodium hydroxide. The technetium will transfer to the anode 
cell as the pertechnetate ion and the zirconium will remain in 
the cathode cell as the hydroxide. 
Technetium transfers quantitatively to anode cell across 
an anion exchange membrane from the cathode cell of a two cell 
electrodialysis unit in the following solutions: (1) nitric 
acid, (2) ammonium bifluoride, (3) ammonium bifluoride + nitric 
acid, (4) sodium nitrate, (5) basic sodium nitrate, (6) basic 
(sodium fluoride+ ammonium fluoride), and (7) basic (sodium 
fluoride+ ammonium fluoride+ sodium nitrate). 
In sodium hydroxide solutions, technetium precipitates 
very easily on anion exchange ~embranes during electrodialysis. 
However, nitrate ions will elute the technetium precipitates from 
anion exchange membranes. 
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VI. APPENDIX I 
Materials 
A listing of the materials essential to this investigation, 
their specifications, the manufacturer or supplier and their uses 
are given in this section. 
Ammonium Acid Fluoride. Technical grade, General Chemical 
Division, Allied Chemical Company, New York, New York, used to 
prepare aqueous fluoride solutions. 
Membrane. Anion exchange membrane No. 3148, Permutit 
Company, New York, New York. 
Nitric Acido CP, meets ACS specifications, assay 79 per 
cent HN03 , J. T. Baker Chemical Company, Phillipsburg, New 
Jersey, used to prepare aqueous nitrate solutions. 
Phenolphtalein. Reagent, meets ACS specifications, Merck 
and Company, Rahway, New Jersey, used as an indicator. 
Sodium Hydroxide. Reagent grade, minimum assay 97.0 
per cent NaOH, General Chemical Division, Allied Chemical Company, 
New York, New York, used to prepare standard base solutions and 
aqueous base solutions and mixtures. 
Technetium (Tc99). Carrier free as pertechnetate, water 
solution, purity greater than 99%, Oak Ridge National Laboratory, 
Oak Ridge, Tennessee, used to prepare radioisotope solutions. 
Thioacetamide. Technical grade, Matheson, Coleman and Bell 
Company, Inc., Cincinnati, Ohio, used in preparation of technetium 
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samples for drying. 
Water, Distilled. Distilled water used to prepare all 
aqueous solutions. 
Zirconium (zr95). Carrier free as oxalate, 0.3 N oxalic 
solution, purity greater than 97%, Oak Ridge National Laboratory, 
Oak Ridge, Tennessee, used to prepare radioisotope solutions. 
Apparatus 
A listing of the apparatus essential in this investigation, 
their specifications, the manufacturers or supplier and their 
uses are given in this sectiono 
Ammeter. DoC. Model 280, No. 140938, 0-0.1, 1, 10 amp. 
University of Missouri at Rolla, Rolla, Missouri, Property No. 
13744. Manufactured by Weston Electric Instrument Corp., 
Newark, New Jersey, used to measure current during electrodialysis. 
Electrodialyzero The electrodialyzer, Figure 4, used in 
this investigation was constructed in the Chemical Engineering 
Shop, University of Missouri at Rolla, Rolla, Missouri. The 
material of construction was polyethylene. Each cell had a 
volume of 60 milliliters, an I.D. of 50 centimers and an exposed 
membrane area of 78.5 square centimeters. The electrodes were 
constructed of platinum sheet. The surface area exposed to the 
membrane was 12.25 square centimeters. During the operation, the 
electrodialysis unit was partially submerged in a water bath. The 
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Power Source. D.C. Rectifier, UMR Property No. 13296, 0-40 
volts, approximately 8 amps, used to provide current for electro-
dialysis. 
Scalers. Decade scalers, Models DS-5, Technical Associates, 
Burbank, California, UMR Property No.'s 26990 and 26987, used to 
record activity of samples. 
Shields. Lead shields, Model LS-6, Technical Associates, 
Burbank, California, Serial No. 1470 and 1473, standard Geiger-
Mueller tubes inserted in shields, efficiency of tubes calculated 
with NBS standards, shields used to protect samples from stray 
radiation. 
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VII. APPENDIX II 
Preparation of Solutions 
The preparation of various solutions essential to this 
investigation are listed in this section. 
Technetium Stock Solutions. A portion of the solution, 
from the container in which the technetium was received from the 
Oak Ridge National Laboratory was removed and stored in 1.0 N 
HN03 in a polyethylene bottle. From the nitrate medium, the 
technetium was used for various experiments. 
Zirconium Stock Solutions. The zirconium and the oxalate 
medium in which it was received was refluxed for six hours in 
concentrated nitric acid and to destroy the oxalate. The solution 
was then diluted to 2.5 N HN03 and stored in a polyethylene 
bottle. From the nitrate medium, the zirconium was used for various 
experiments. 
Preparation of Feed Solutions. A typical example of the 
preparation of various feed solutions will be explained. The 
feed solution for the experiments in Tables X and XIII are as 
follows: (1) the nitric acid and ammonium bifluoride were mixed, 
(2) the tracer isotope was added, (3) the sodium hydroxide was 
added, and (4) the solution was diluted with distilled water to 
the appropriate concentrations specified. After the solution was 
prepared, a 10 milliliter portion was titrated with standarized 
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HN03 to insure the specified basicity. The solution was then 
stored for one hour before electrodialysis. 
The anode cell solution was prepared similarly except no 
tracer was added. 
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